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(57) Abstract 

A puncture seal device (32) for stemming the flow of blood from a punctured blood vessel (150) comprises an elongated 
outer sheath (40) affixed to a generally tubular housing (30) where the housing contains a manually actuable slide (48) which is 
affixed to a rigid tubular pusher member (48) coaxially disposed within the outer sheath. Also contained within the outer sheath 
in longitudinal alignment with the pusher and distally thereof is a ring-shaped plug of a hemostatic material (44). The assembly 
thus far described may be fitted over a tubular introducer or the body of a catheter (18) and then advanced therealong until the 
distal end of the outer sheath is proximate a bleeding blood vessel. By actuating the pusher member, the hemostatic plug sur- 
rounding the introducer or catheter is ejected from the distal end of the outer sheath (42) and held in abutting relationship to the 
bleeding blood vessel. 
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5 HEMOSTATIC IMPLANT INTRQDUCFR 

Background of the Invention 
This invention relates generally to a surgical instrument for use in intravascular 
catheterization procedures, and more particularly to a device for positioning a 
hemostatic agent against a puncture entry wound in a blood vessel to stem the flow of 
10 blood therefrom following removal of the catheter and catheter introducer at the 
conclusion of the procedure. 

When performing angiography or angioplasty procedures, following the 
Seldinger technique, the angiography catheter or angioplasty catheter is generally 
introduced into the vascular system by first employing a sharpened hollow needle to 
1 5 penetrate the skin, the underlying muscle tissue, and to enter the selected blood vessel . 
Next, a guidewire is commonly inserted through the lumen of the hollow needle and 
made to enter the selected blood vessel. Following that, the needle is stripped off the 
guidewire and a combination of a dilator and an introducer (or an introducer alone) are 
fed over the guidewire and pushed through the skin until first the dilator and next the 
20 introducer enter the selected blood vessel. The guidewire may next be removed, and 
the selected catheter for carrying out the procedure is fed through the lumen of the 
introducer and advanced through the vascular system until the working end of the 
catheter is appropriately positioned. Depending upon the procedure, a dye may be 
injected through the catheter or a balloon expanded. Following the conclusion of the 
25 catheterization procedure, the working catheter will be withdrawn and, subsequently, 
the combination dilator and introducer will also be stripped out of the wound. 

Because it is common practice to administer a blood thinning agent to the 
patient prior to many of the procedures, a problem exists in stemming the flow of blood 
through the puncture wound made in the vein or artery. Typically, it is necessary to 
30 maintain pressure over the region for at least 30 minutes. Even more time is required 
if the patient is hypertensive or anticoagulated. When human hand pressure is utilized, 
it is somewhat wasteful of professional time. Devices, such as pressure bandages, 
sand bags or clamps may be employed, but for these devices to work, the patient must 
be compliant and motionless for this prolonged period. Also, with obese patients, 
I5 because of the significant amount of tissue between the skin and the penetrated vessel, 
good hemostatic pressure oftentimes cannot be obtained above the penetrated artery 
or vein. Thus, a need exists for a means for accelerating hemostasis. 
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In U.S. Patents 4,852,568 and 4,890,612 to Kenneth Kensey, a device and 
method is described for sealing puncture or incision wounds created percutaneously 
during a surgical procedure. In accordance with the teachings of the Kensey patents, 
a collagen plug having an anchoring mechanism in the form of a filament or string 
5 attached, is passed through the introducer following removal of the working catheter 
and is allowed to enter the blood vessel to be sealed. The introducer is then removed 
from the body and the string is tensioned until the collagen plug affixed to its end abuts 
the surgically-created opening in the blood vessel proximate its interior wall. When the 
collagen material is exposed to body fluids, it swells to create a block for the wound 
10 in the vessel wall while the collagen itself acts as a blood clotting agent and accelerates 
hemostasis. 

Problems exist with the approach set out in the aforereferenced Kensey patents. 
More particularly, any intraluminal deposition of a collagen can result in embolization, 
especially as the material begins to reabsorb. Particles may break off and float 

1 5 downstream to the point where they may lodge in a smaller vessel, causing an infarct 
to occur. Not only that, but collagen material acts as a nidus for platelet aggregation 
which assists in blood clotting. Hence, the intraluminal deposition of a hemostatic 
agent can initiate a thrombosis at the site. 

Patents 4,838,280 and 4,936,835 to John R. Haaga teach the idea of 

20 incorporating a hemostatic material as a part of a needle biopsy device so that 
following the gathering of the tissue sample, a hemostatic plug can be left in the void 
in the tissue from which the sample had been excised. The collagen plug that is left 
behind serves as a hemostatic agent for more rapidly stemming blood flow from the 
point of injection of the biopsy needle. 

25 Applicants are also aware of a product produced by Datascope Inc. of Montvale, 

New Jersey, and sold under the trademark "VASOSEAL". That device comprises a kit 
including a guidewire, a needle clip, a skin dilator, an outer syringe barrel, an inner 
plunger, and two cylinders of compressed collagen material. In carrying out the blood 
vessel sealing procedure using the VASOSEAL apparatus, two operators are required. 

30 Before the original puncture needle is removed, a clip is placed on the shaft of the 
needle at the skin level to mark the distance down to the artery. The needle and clip 
are then placed up against a card having graduations printed thereon and one of a 
plurality of device lengths are selected. When the catheterization procedure is 
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completed, all devices are removed except for a guidewire. One operator is needed 
to maintain compression upstream while another operator works on the puncture site. 
A skin dilator is advanced over the guidewire into the tissue to the measured level. A 
syringe barrel is then advanced over the skin dilator to the same measured level. The 

5 dilator and the guidewire are then removed. Next, a plunger is loaded with one of the 
two plugs of collagen and this is inserted into the syringe barrel and advanced down 
into the wound. The plunger is removed and reloaded with a second collagen plug and 
this, too, is inserted down into the syringe barrel into the wound. The main operator 
now takes over the job of applying a compression force over the area and holds the 

0 spot for several minutes. When no bleed-back or hematoma growth is seen, the 
operator removes the syringe and plunger. 

It is accordingly a principal object of the present invention to provide an 
improved method and apparatus for effecting hemostasis in the course of a surgical 
procedure. 

5 Another object of the invention is to provide an improved method and apparatus 

for plugging a surgically-created puncture in a blood vessel. 

Yet another object of the invention is to provide an improved apparatus for 
deploying a hemostatic material against the exterior surface of a blood vessel at the 
point of a puncture opening therein. 

0 Yet another object of the invention is to provide an apparatus for selectively 

displacing a coaxially mounted mass of a hemostatic material from a position in 
surrounding relationship relative to a tubular instrument that has been inserted through 
the puncture so that the mass assumes a position in abutting relationship relative to a 
puncture site on the exterior wail of a blood vessel. 

5 Still another object of the invention is to provide a method and apparatus for 

effecting hemostasis of a puncture wound in a blood vessel in which a mass of a 
hemostatic material coaxially surrounding a tubular member is made to abut a puncture 
site in a blood vessel, but without any of the hemostatic material entering the lumen of 
the blood vessel nor without the need for an anchoring mechanism. 

> A still further object of the invention is to provide a surgical instrument for use 

during a catheterization procedure, a laparoscopic procedure or any other endoscopic 
procedure for installing a plug of a hemostatic material in abutting relation to the 
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exterior wall of a blood vessel at a site where that blood vessel has been penetrated, 
the device being unobtrusive and easy to utilize by a single operator. 

Summary of the Invention 
The foregoing features, objects and advantages of the invention are achieved 
5 by providing a first tubular member, which is adapted to be inserted into a surgically- 
created opening in a blood vessel, with a mass of a hemostatic material configured to 
coaxially surround the exterior of that tubular member. The term "tubular member", as 
used in this context, is intended to broadly describe any one of a dilator, an introducer, 
a catheter or even a guidewire, even though it is recognized that a guidewire may not 
10 have a lumen. Coaxially surrounding the first tubular member with a predetermined 
clearance and shielding the plug from exposure to body fluids, principally blood, is an 
outer tubular sheath having a proximal end, a distal end, and a lumen extending 
therebetween. A means for ejecting the hemostatic mass in the form of a tubular 
pusher also surrounds the first tubular member and is contained within the lumen of the 
15 outer tubular sheath. A housing is affixed to the proximal end of the outer sheath and 
a slide, coupled to the pusher, is contained in the housing. In one embodiment, a 
protruding thumb pad is provided for applying a moving force to the slide. In another, 
a rack and pinion mechanism is employed to move the pusher relative to the 
hemostatic mass. By advancing the pusher in the distal direction, its distal end 
20 engages the coaxial disposed hemostatic mass and is used to force it outward of the 
lumen of the tubular sheath member so that it will abut the penetration site in the wall 
of the blood vessel. 

in a modified arrangement, the hemostatic mass is annular in shape and is 
housed within an outer tubular sheath proximate the distal end of the sheath. The 
25 pusher is also tubular and has its distal end abutting the proximal end surface of the 
hemostatic mass within the outer sheath. The proximal end of the pusher extends 
beyond the proximal end of the outer sheath. In use, the instrument is threaded over 
the tubular member and its distal end is made to abut the exterior wall of the punctured 
blood vessel. To deploy the hemostatic mass, the pusher is held stationary while the 
30 outer sheath is pulled rearward, uncovering the mass. Then, the entire instrument can 
be stripped back off of the tubular member. To avoid accidental, premature ejection 
of the hemostatic mass, a suitable locking arrangement is used to couple the pusher 
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15 



20 



30 



to the outer sheath to prevent relative movement between these two parts until the lock 
is released. 

In accordance with a further modified embodiment, the coaxially disposed mass 
as well as the tubular sheath, the tubular pusher and the housing supporting the sheath 
- and pusher are longitudinally slit to allow the unit to be assembled onto the exterior of 
a tubular body from the side rather than using a coaxial approach. 

The hemostatic mass may comprise a freeze-dried collagen, a cellulose gel 
material, such as a GELFOAM* a resorbable lactide/glycolide or other resorbable 
substance which by virtue of its chemical properties or its lattice construction functions 
as a hemostatic agent. It is preformed so as to fit within the confines of the tubular 
sheath member in surrounding or coaxial relationship to the first tubular member but 
when deployed out through the distal end of the tubular sheath member, will expand 
when contacting body fluids to form a predetermined shape configuration. The annular 
collagen plug is preferably a composite which is preformed to exhibit a distal, vessel 
puncture-contactjng end that is highly hemostatic and a proximal region that is highly 
self-expanding. When released from the confines of the puncture sealing device (PSD) 
It swells to block the wound and to maintain itself in position 
Brief Description of the Drnwingc 
A better understanding of the invention will be had by a reading of the following 
detailed description of the preferred embodiment, especially when considered in 
conjunction with the accompanying drawings in which like numerals in the several views 
refer to corresponding parts. 

Figure 1 is a longitudinal cross-sectional view illustrating the construction of a 
first preferred embodiment of a puncture sealing device; 

Figure 2 is an enlarged, partial view of the distal end portion of the puncture 
sealing device of Figure 1.; 

Figures 3A, 3B, 3C are enlarged, partial cross-sectional views of the distal end 
portion of the puncture sealing device having modified sheath configurations; 

Figure 4 is a bottom view of the puncture sealing device of Figure 1, but 
modified in accordance with a second embodiment; 

Figure 5 is a perspective view of a hemostatic mass to be used with the 
embodiment of Figure 4; 
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Figure 6 is a side sectional view of the puncture sealing device in accordance 
with a third embodiment; 

Figure 7 is a side sectional view of the puncture sealing device in accordance 
with a fourth embodiment; 
5 Figures 8A, 8B and 8C are perspective views of the device of the present 

invention helpful in understanding the method of use thereof. 

Rgure 9 is an enlarged view of an alternative design for a puncture sealing 
device in accordance with the invention; and 

Figure 10 is an enlarged view of yet another alternative design for a puncture 
1 0 sealing device in accordance with the invention. 

Detailed Description of the Invention 
In describing the construction and mode of operation of the present invention, 
it will be considered as being used in connection with the conduct of the Seldinger 
procedure for introducing a catheter into the lumen of a blood vessel. It is to be 
15 understood, however, that the invention may also be utilized in other surgical 
procedures, such as laparoscopic or other endoscopic procedures, wherein a tubular 
working instrument is routed through the lumen of a tube and where penetration of a 
blood vessel, such as a vein or artery, is likely to be encountered. Having described 
the present invention in connection with the Seldinger procedure, those skilled in the 
20 art will readily appreciate how the device and method may be employed in other related 
procedures. 

Referring now to Figure 1 , there is shown a perspective view of the puncture 
sealing device (PSD) in accordance with a first embodiment of the present invention 
deployed on the conventional apparatus used in introducing a working catheter into the 

25 lumen of a blood vessel, such as the femoral artery. More particularly, as those skilled 
in the art appreciate, a hollow needle (not shown) having a sharpened distal end and 
graduated markings along its length is first pushed through the dermal layer and is 
made to enter the lumen of the femoral artery through a puncture wound created by 
the needle in the wall of that artery. The depth of the artery can be assessed by noting 

30 the markings on the needle at the point where blood is first exiting the needle. Next, 
a guidewire, identified by numeral 10, is inserted through the hollow needle into the 
artery and advanced a predetermined distance therein. The hollow needle is then 
stripped off the proximal end of the guidewire 10, and a dilator 12 may then slipped 
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therealong in the distal direction until its tapered distal end 14 is made to enter the 
wound, enlarging it to the point where the distal end 1 6 of a tubular introducer 1 8 may 
also be made to enter the lumen of the selected blood vessel without creating a tear. 
The stepped junctions between the guidewire and the distal end of the dilator 
5 and between the dilator and the distal end of the introducer, upon entering the opening 
in the blood vessel creates a noticeable tactile response to the operator. For reasons 
which will become more apparent when the method of operation is discussed, instead 
of having graduated markings on the puncture needle, the dilator 12 may have 
graduated measurements or markings on the exterior thereof as identified by numeral 
i 15 in Figure 1 . When the distal end 14 of the dilator 12 enters the blood vessel, the 
tactile indication provided to the surgeon alerts him or her to glance at the portion of 
the dilator exposed above the skin to obtain a coarse estimate as to the distance 
beneath the skin at which the opening in the blood vessel is located. 

Referring still to Figure 1 and the longitudinal cross-sectional view of Figure 2, 
the proximal end 13 of the dilator 12 has a molded plastic hub 20 affixed thereto, the 
hub having a tapered distal nose portion 22 thereon. A longitudinal bore 24 extends 
through the hub to allow the guidewire 10 to pass. Likewise, the proximal end 17 of 
the tubular introducer 18 is secured within a socket formed in a molded plastic hub 
member 26. The hub has a tapered bore 28 in its proximal end for receiving the 
tapered nose 22 of the dilator, thus allowing the two parts to be releasably locked or 
joined relative to one another. Those skilled in the art will also appreciate that other 
known locking mechanisms can be incorporated on the PSD for releasably clamping 
that device to the tubular support (introducer, catheter, guidewire) which the PSD 
surrounds. For example, the commonly used Touhy Borst clamp may be configured 
on the proximal end 34 of the PSD whereby simple rotation of a knob will lock or 
unlock the PSD to the tubular body 12 depending on the direction of rotation. 

As can be seen from Figures 1 and 2, the guidewire 10, dilator 12 and 
introducer 18 are coaxially disposed relative to one another and extend through a 
housing member 30 which forms a part of the PSD indicated generally by numeral 32. 
The housing 30 has a proximal end 34 having an opening formed therethrough for 
receiving the tubular introducer 18. Also forming a part of the housing is a distal end 
cap 36. The tubular sheath or barrel member 40, like the dilator 12, is provided with 
graduated markings, as at 41, which permit the surgeon to insert the distal end of the 
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sheath to a premeasured depth below the skin. As shown in Figure 2, the proximal end 
38 of a tubular sheath member 40 is fitted into the end cap 36 and is adhesively 
bonded or otherwise fixedly attached to the end cap 36. The inside diameter of the 
plastic sheath 40 is sized to provide a predetermined clearance between ft and the 
5 outer surface of the introducer 1 8. 

Contained within this clearance space and proximate the distal end 42 of the 
sheath 40 are one or more pieces 44 of a suitable hemostatic material which are 
preformed to assume a coaxial disposition relative to the introducer 1 8 or other "tubular 
member" as that term was earlier defined at page 5, supra . The material may be freeze- 
10 dried collagen, a cellulose gel, a resorbable polyglycolic acid composition or any 
suitable resorbable substance which, by virtue of its chemical composition or of its 
lattice construction, acts as a hemostatic agent. The mass 44 partially or fully 
surrounds and fits snugly against the outer diameter of the tubular introducer 1 8, within 
the confines of the sheath 40 where it remains generally isolated from contact with 

15 blood and other body fluids until deployed. By virtue of being in a compressed state 
until deployed, it is prevented from prematurely reacting with blood. 

A longitudinal slot 46 is formed through the housing 30 allowing a thumb- 
operated slide assembly 48 to pass therethrough. The slide assembly includes a 
thumb pad 50 which is attached to a slide member 52 contained within the housing 30. 

20 The slide 52 includes a bore 54 through which the tubular introducer 1 8 may pass. The 
proximal end 56 of a generally rigid tubular pusher 58 is affixed to the slide 52 and, 
thus, is movable therewith. The distal end 60 of the tubular pusher is adapted to 
engage the proximal edge surface of the coaxially disposed hemostatic mass 44 when 
the slide is moved in the distal direction (to the right in Figure 2). 

25 A locking pin is shown as passing transversely through an aperture 62 across 

the slot 46 prevents inadvertent movement of the thumb slide assembly 48 and 
premature ejection of the hemostatic plug. Alternative locking arrangements are also 
envisioned, including placing a downwardly extending barb or latch on the proximal end 
of thumb pad 50 which cooperates with the proximal end 34 of housing 30 to prevent 

30 movement of the slide until the barb or latch is intentionally released. Those skilled in 
the art will recognize that other "safety" devices can be used to prevent unintended 
deployment of the hemostatic material from the barrel or sheath 40. 
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As is illustrated in Rgures 2 and 3A, the distal end portion 42 of the outer 
tubular sheath 40 may be rounded or bullet-shaped and appropriately slit to more 
readily permit the coaxial plug(s) 44 (45) to be ejected out from the nose 42 of the 
sheath 40 upon actuation of the slide assembly 48 to which the tubular pusher 58 is 
5 affixed. Figures 3B and 3C illustrate that the distal end of the tubular sheath 40 may 
be blunt or beveled and also that the hemostatic material, as at 44, may be preshaped 
into a desired configuration, with Figure 3B showing a somewhat mushroom-shaped 
arrangement and Figure 3C showing a beveled shape. A beveled tip on the distal end 
of the outer tubular sheath assists in cutting its way through the skin and subdural 

10 tissue in approaching the punctured blood vessel. 

It is also possible to preform the hemostatic mass in other forms, including, for 
example, as a helix or a woven or braided structure, the prime requirement being that 
it can be coaxially disposed about a tubular member as previously explained. Upon 
exposure to body fluids upon release thereof from the sheath, the mass will swell to 

15 define a predetermined shape, e.g., rounded, blunt, frusto-conical, beveled or 
mushroom. 

In the arrangement shown in Figures 1 and 2, the device for placing the plug 
of hemostatic material against the exterior wall of a blood vessel at a point of puncture 
entry must be assembled onto the introducer and dilator before the assembly is 

20 threaded onto the guidewire. In the arrangement shown in Figure 4, the plug 
placement instrument 32 is designed so that it can be placed onto the body of a tubular 
member at a time just prior to when the surgeon wishes to inject the hemostatic plug. 
More particularly, Figure 4 is a bottom view of the instrument, i.e., the side thereof 
which is opposite to the thumb rest member 50. It can be seen that in the embodiment 

25 of Figure 4, a longitudinal slit 64 is formed through the walls of the tubular sheath 40, 
the tubular pusher 58, the housing 30 and the slide 52. Furthermore, as shown in 
Figure 5, the hemostatic mass 44 used with the embodiment of Figure 4 is generally 
C-shaped having a slot 66 formed through its wall and communicating with the central 
opening 68 thereof. By providing the slots 64 and 66 in the respective pieces 

30 mentioned, the device of Rgure 4, loaded with one or more pieces of preshaped 
hemostatic material 44, may be assembled onto a tubular member such as an 
introducer, a working catheter used with an endoscope or other similar device by 
merely slipping it onto the tubular member from the side with the tubular member fitting 
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into the respective slots 64 and 66. This may prove more advantageous than an over- 
the-wire installation of the loaded PSD. 

Referring now to Figure 6, there is shown a further alternative embodiment of 
a PSD in accordance with the teachings of the present invention. In this view, the 
5 device is shown in longitudinal cross-section but does not include the coaxial 
arrangement of a guidewire, dilator and introducer as in the arrangement shown in 
Figures 1 and 2. It is to be understood, however, that the device of Figure 6 is 
intended to be assembled on to a tubular member, either using an endwise over-the- 
wire approach or a side approach as with the earlier described embodiment. The PSD 
10 is indicated generally by numeral 70 and is seen to include a molded handle member 
72, preferably formed from a medical-grade plastic. The handle 72 includes a 
longitudinal bore 74 in which is fitted the proximal end of a tubular outer sheath or 
barrel member 76. Contained within the lumen of the sheath 76 near its distal end 78 
is a mass of hemostatic material 80 which is preshaped so that it can assume a coaxial 

1 5 relationship relative to a cylindrical tube or wire with which the PSD is to be used . Also 
disposed within the sheath or barrel 76 is a tubular pusher 82 which extends into and 
is slidingly received within the bore 74 in the handle 72. Integrally molded with or 
otherwise formed on the exterior surface of the tubular pusher 82 near its proximal end 
is a gear rack 84 which is dimensioned to fit within a key-way 86 extending radially 

20 outward from the bore 74. Extending inwardly from the surface 88 of the molded 
handle 72 is a recess 90 having a generally circular profile. Fitting into the recess 90 
and joumaled for rotation about a pin or axis 92 is a pinion gear 94 whose teeth 
engage the rack 84. 

It is apparent from Figure 6 that by rotating the pinion gear 94 about its axis 92, 

25 the pusher member 82 can be either advanced in the distal direction or retracted 
therefrom. In the view of Figure 6, the tubular pusher 82 is shown in its fully retracted 
position, its distal end 96 being slightly proximal of the proximal end edge of the mass 
of hemostatic material 82. By simply rotating the pinion 94 in a counterclockwise 
direction (when viewed as in Figure 6), the pusher member 82 will be advanced in the 

30 distal direction and will force the hemostatic mass 80 out from the distal end 78 of the 
outer sheath or barrel 76. 

Figure 7 discloses still another embodiment of the puncture sealing device of 
the present invention. That device is indicated generally by numeral 100 and it, too, is 
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pictured without being mounted on a tubular member, such as a guidewire, dilator, 
introducer, catheter, etc. It includes a molded plastic handle 102 supporting an outer 
tubular sheath or barrel 104 which projects longitudinally outward from the distal end 
106 of the handle. As with the other embodiments, there is disposed near the distal 
5 end of the barrel 1 04, a mass of hemostatic material 1 08 which is preformed so as to 
be coaxially placeable about a tubular member. 

Slidably received within the barrel 104 is a tubular pusher member 110, having 
its distal end 1 12 abutting or in closely spaced relationship to the proximal end of the 
hemostatic mass 108. The pusher member extends rearward into the handle 102 
0 through a longitudinal bore 1 14 formed therein. Disposed between the proximal end 
1 16 of the tubular pusher 1 10 and an insert 1 18 fitted into the proximal end 120 of the 
handle 102 is a compression spring 122. Projecting radially outward from the exterior 
surface of the pusher member 110 are first and second stop members 124 and 126. 
These stop members fit into a guideway 128 formed inwardly of the handle from the 
» bore 1 14. At the distal end of the guideway 1 28 is a wall surface 1 30 which cooperates 
with the stop 126 to end the distal movement of the tubular pusher 110. 

An arcuate recess 132 is formed in the handle and fitted into that recess is a 
molded plastic trigger 134 which is pivoted about a pin 136 to permit limited rotation 
thereof. 

The puncture sealing device 1 00 is in its cocked position when the spring 1 22 
is compressed between the insert 118 and the proximal end 116 of the pusher, as 
illustrated. It is held in this position by the engagement of a finger projection 137 on 
the trigger with the stop 124. A compression spring 138 cooperating between the 
handle 102 and the trigger 134 resists counterclockwise rotation of the trigger 134. 
However, when the surgeon pulls back on the upwardly protruding end of the trigger 
134, it compresses the spring 138 and rotates the finger 137 out of contact with the 
stop 1 24, allowing the spring 122 to move the tubular pusher 1 1 0 in the distal direction 
to thereby eject the mass of hemostatic material 108 out the distal end of the tubular 
sheath 104. 

While each of the embodiments of the invention disclosed thus far expose the 
hemostatic material by ejecting same out of the distal end of a tubular sheath or barrel 
by the action of a movable pusher member, the hemostatic material may also be 
exposed by holding the tubular pusher stationary and retracting the outer barrel or 
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sheath in a proximal direction. In this regard, reference is made to Figure 9 which 
shows a top elevation view of a PSD device of the latter type. The device is indicated 
generally by numeral 158 and it is seen to include an outer sheath 160 having its 
proximal end 162 attached to a hub 164. This hub is surrounded by a rotatable collar 
5 166 having an integrally formed knob 168 thereon to facilitate its rotation. The collar 
166 includes a helical thread groove 170 in its outer surface with the knob being 
joumaled for rotation on the hub 164. The hemostatic mass is identified by numeral 
172 in Figure 9 and it is shown as being contained within the confines of the outer 
sheath 160 near its distal end 163. The distal end 163 is preferably slit so as to be 
1 0 expansible, thereby allowing the instrument to be used with tubular supports of differing 
French size. Also contained within the tubular sheath 160 is a tubular pusher 174 
having a lumen 176 coaxially aligned with a central bore 178 formed longitudinally 
through the hemostatic mass 172. A wing-shaped fingergrip member 180 has a 
longitudinal bore 182 passing through it of a size to loosely surround the O.D. of the 
15 tubular sheath 160. The fingergrip member 180 is attached by means of a pin (not 
shown) which passes through the longitudinal slit 184 formed through the wall of the 
outer tubular sheath 160. 

Projecting longitudinally from the proximal side of the fingergrip member 1 80 is 
a narrow arm 186 which terminates in a radially extending finger 188. The finger 188 
20 is arranged to ride in the helical groove or thread 170. It normally latches the 
fingergrips 180 and its attached pusher member 174 relative to the knob 168 which is 
operatively coupled to the outer sleeve 160. 

To deploy the hemostatic mass, the surgeon will first grip the fingergrip member 
1 80 with his index finger and forefinger of one hand while at the same time rotating the 
25 knob 166 in the direction represented by arrow 190. In doing so, the finger 188 will 
follow the helical groove 170 as the hub 164 moves in the direction of arrow 192. Once 
the finger 188 clears the helical groove 170, the surgeon may, by holding the fingergrip 
stationary and retracting the knob 168 in the proximal direction, withdraw the sheath 
1 60 from its covering relation relative to the hemostatic mass 1 72. The sheath may also 
30 be formed with an averting distal end which can be made to roll back proximally to 
expose the hemostatic mass surrounding the coaxially disposed tubular member. 

Moreover, it is envisioned that once the mass of hemostatic material has been 
appropriately positioned relative to the puncture to be sealed by advancing it within the 
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confines of rts tubular sheath, it may be exposed to blood and body fluids by providing 
a peel-away sheath not unlike the sheath arrangement disclosed in the U.S. Patent 
4,166,469 to Littleford. 

Figure 10 is an enlarged view of yet another implementation of the preferred 
embodiment of the present invention. It, too, includes an outer tubular sheath 200 
formed from a suitable medical grade plastic and which has a somewhat bullet-shaped 
distal end 202 and a proximal end 204 which is suitably bonded to an inner tubular hub 
206 so as to move with ft. The inner hub 206 has a shoulder 208 cooperating with an 
annular recess formed in a rotatable knob 21 0. The knob 21 0 includes external threads 
212 cooperating with mating thread grooves formed into the inner cylindrical wall of an 
outer hub member 214. 

Disposed within the lumen of the outer sheath 200 is a tubular pusher 21 6 which 
is coupled to the outer hub member 214 by means of pins as at 218 and 220. 
Positioned beyond the distal end 222 of the tubular pusher 216 is a tubular mass of 
hemostatic material 224, preferably collagen. The diameter of the lumen 226 of the 
pusher member 216 and of the hemostatic mass 224 allows the assembly to fit over a 
further structure, such as a guidewire, an introducer, or a catheter body, all as 
previously described. The distal end of the outer sheath 200 is tapered to a reduced 
diameter and designed to cooperate with the O.D. of the device with which the PSD is 
designed to cooperate. That is to say, the outer sheath 200 is adapted to engage the 
O.D. of the device with which it is used at its distal end to thereby create a seal 
preventing the premature ingress of body fluids that might react with the collagen plug 
224. 

To fire the device of Figure 10, the user grips the outer hub 214 while rotating 
the knob 210 in the counterclockwise direction. As the knob 210 unscrews from outer 
hub 214, it retracts the inner hub 206 with it due to the engagement of the shoulder 208 
with the annular recess of the knob 210. Hence, the inner hub 206 and the sheath 
attached to it are also retracted in the proximal direction. The outer sheath may be slit 
so that the sheath may glide past the pins 218 and 220, but preferably, the sheath is 
designed so that it will readily split as it is drawn over the pins. By so designing the 
outer sheath, it eliminates the risk of blood leakage through preformed slits, such as 
shown in the embodiment of Figure 9. 
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wound and the PSD can be removed, leaving the hemostatic mass in place. That mass 
quickly reacts with blood and other body fluids to swell closed so as to act as an 
effective block to the leakage of blood of the puncture wound. 

Referring next to Figures 8A through 8C, the mode of use of the PSD of Figure 
5 1 of the present invention will be explained. The operation and use of the other 
embodiments shown in Figures 6, 7, 9 and 10 will also be readily understood. Prior to 
the stage of the procedure represented by Figure 8A, a standard percutaneous 
technique of inserting an angiographic needle into the selected blood vessel 150 has 
already been accomplished and the guidewire 10 is shown as having been inserted 
10 through the needle (not shown) and gently advanced to a desired depth within the 
vessel. Following that, the percutaneous needle is carefully slipped off the guidewire 
at its proximal end while the guidewire is being held in place. At this point, the dilator 
12 will have been inserted completely into the lumen of the introducer 14. Following 
that, and in accordance with the embodiment of Figure 1, the dilator/introducer 
15 combination are inserted completely into the PSD indicated by numeral 32. 

As is illustrated in Figures 8A through 8C, there is extending out from the hub 
26 of the introducer 14 a flushing line 152, which is adapted to be coupled via a 
stopcock 154, to a suitable liquid supply. At this point, the assembly is inverted and 
flushed with heparinized or unheparinized saline solution so as to remove trapped air. 
20 Once the purge of air has been completed, the stopcock 154 is closed. 

The open tip of the dilator and the accompanying introducer and PSD are now 
slipped onto the proximal end of the guidewire and fed over it to the point where the 
distal end of the dilator engages the blood vessel to be entered and a tactile response 
will be felt. The surgeon will by now have read the depth markings on either the 
25 percutaneous needle or the dilator and will make a mental note of same. Figure 8A is 
at a stage where the tip of the tubular introducer 18 penetrates through the skin layer 
156. By grasping the introducer near its distal tip end and close to the skin surface and 
while using a rotary motion, the dilator 12 and introducer 18 are made to pass along 
the guidewire and through the tissues so that they are each positioned within the lumen 
30 of the blood vessel as illustrated. The introducer sheath may now be further advanced 
to a desired position within the blood vessel. 

Now, by grasping the PSD 32 near its distal tip end 42 close to the skin surface 
and using a rotary motion, the PSD is advanced along the introducer in the distal 
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30 



direction and through the skin layer 156 until the distal end of the PSD is tacitly 
determined to be up against the outside of the vessel wall at the puncture sight. The 
scale markings on the sheath can be used to measure off the distance previously noted 
when the dilator was first inserted helping to confirm the desired placement of the distal 
5 end of the sheath. See Figure 8B. 

Holding the introducer sheath and the puncture seal device in place by installing 
a suture through the suture loop 37 on the handle 30 and through the patients skin or 
other appropriate means, the surgeon now withdraws the guidewire and the dilator, 
whereby a working catheter can now be inserted through the lumen of the introducer 
1 0 and the catheterization procedure can be completed using standard techniques. 

Following the conclusion of the catheterization procedure, the surgeon will again 
confirm that the position of the tip of the PSD 32 and therefore the yet unreleased 
hemostatic material is up against the outside of the vessel wall at the puncture sight. 
Once that has been done, all of the devices, e.g., the working catheter and guidewire, 
15 are removed from the introducer 18 and the locking pin 62 or other "safety" device is 
released. The slide 52 is advanced in the distal direction by applying thumb pressure 
to the thumb pad 50 as the handle and attached tubular sheath of the PSD are pulled 
back a corresponding amount. The hemostatic mass becomes fully deployed by 
advancing the slide forward until the mass is ejected from the split distal end of the 
20 tubular sheath 40. While compressing the tissue around the puncture sight at the tip 
end of the PSD and holding it in position, the introducer 18 is now removed from the 
proximal end of the PSD. Afterashort delay, and while keeping the tissue compressed 
around the puncture site, the PSD sheath 40 is removed leaving the hemostatic seal 
44 behind (Figure 8C). Manual pressure is maintained on the puncture sight for 
25 approximately five minutes at which point it is relieved and an observation made as to 
whether the flow of blood has ceased. 

The above procedure may be appropriately modified when the PSD shown in 
the embodiment of Figure 4 is employed. In particular, the guidewire, dilator and 
introducer sheath may be made to enter the lumen of the blood vessel before the PSD 
32 of Figure 4 is coupled onto the exterior surface of the tubular introducer, given the 
fact that the longitudinal slots 64 and 66 in the device 32 and the coaxial hemostatic 
mass 44 allow the device to be slipped onto the introducer from the side rather than 
from the end. Those skilled in the art will also appreciate that the device of Figures 4 
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and 5 can be assembled onto the body of a working catheter already fitted into the 
working lumen of an endoscope and used to deposit a plug of hemostatic material 
against a bleeding blood vessel which may be observed during the course of the 
endoscopic procedure. 
5 While the embodiments illustrated in Figures 1, 4, 6, 7 and 9 are sized and 

configured to seal a puncture wound in a blood vessel disposed a relatively short 
distance below the skin surface, those skilled in the art will appreciate that the 
dimensions of these devices may be changed, especially the lengths of the outer 
tubular sheath and pusher so that the puncture seal device may be used when carrying 
10 out any number of surgical procedures. For example, during the course of a 
laparascopic cholecystectomy, should a blood vessel accidentally be nicked, the 
instrument of the present invention may be used to stem the flow of blood therefrom. 
In particular, by providing an elongated sheath or barrel having a mass of hemostatic 
material near its distal end and by providing a concentrically disposed probe, the 
15 instrument may be directed through a laparoscope or through one of the several trocars 
used in carrying out the procedure to approach the bleeder until the distal end of the 
PSD is juxtaposed with it. When appropriately positioned, the slide mechanism or other 
actuator for the tubular pusher can be activated to expose at least a portion of the 
coaxially located hemostatic material from the confines of the sheath while it is being 
20 pressed against the exterior wall of the bleeding vessel. After a few minutes, the slide 
mechanism in the handle can be further actuated to totally release the mass from the 
distal end of the device. 

It is also envisioned that the distal tip of the tubular sheath can be configured 
in a variety of ways. Specifically disclosed herein are tubular sheaths having rounded, 
25 blunt and beveled ends. It is also contemplated that the distal end of the tubular 
sheath may have a V-shaped notch formed therein, which is particularly efficacious 
when it is desired to have the tip end straddle the blood vessel as the sealing 
procedure is performed. Still other shapes may permit a portion of the distal end of the 
outer tubular sheath to physically enter the puncture, serving to stabilize the distal end 
30 of the instrument. 

As an alternative to providing a suture loop 37 on the handle for facilitating the 
device being locked in place by passing a suture through the skin and through this 
loop, it is also feasible to prevent the instrument of the present invention from being 
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displaced during the course of a surgical procedure by providing a coarse, helical 
thread-like pattern on the exterior surface of the outer tubular sheath 40. When an 
instrument having this feature is effectively screwed into the skin and underlying tissue 
to the point where a tactile sensation indicates that its distal end abuts the blood vessel 
to be sealed, the increased friction afforded by the roughened surface inhibits the 
tendency for the instrument to slip out of the wound. 

This invention has been described herein in considerable detail in order to 
provide those skilled in the art with the information needed to apply the novel principles 
and to construct and use such specialized components as are required. However, it 
is to be understood that the invention can be carried out by specifically different 
equipment and devices, and that various modifications, both as to the equipment 
details and operating procedures, can be accomplished without departing from the 
scope of the invention itself. 
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5 CLAIMS 

1. A surgical instrument for delivering a hemostatic substance 
subcutaneously against a penetration site in a wall of a blood vessel in the course of 
a surgical procedure in which an incision is made through the blood vessel and a 
tubular body is passed through said incision into said blood vessel, comprising: 
10 (a) an outer tubular sheath member having a proximal end, a distal 

end and a lumen extending therebetween, the diameter of said lumen being of a 
predetermined size greater than that of said tubular body and adapted to allow said 
tubular body to pass coaxially therethrough; 

(b) a first annular mass of a hemostatic material, said mass having 
15 a proximal and a distal edge surface and initially being contained within said outer 

tubular sheath member proximate said distal end thereof and adapted to coaxially 
surround said tubular body; and 

(c) means for exposing said mass exterior of said lumen with said 
distal edge surface against the exterior wall of said blood vessel at said penetration site. 

20 2. The surgical instrument as in Claim 1 wherein said means for exposing 

comprises: 

(a) an inner tubular member reciprocally movable relative to said 
outer tubular sheath member and within said lumen of said outer tubular sheath 
member, said innertubular member being concentrically disposed relative to said outer 
25 tubular sheath member and having a wall thickness for engaging said proximal edge 
surface of said mass. 

3. The surgical instrument as in Claim 2 and further including: 

(a) a housing affixed to said proximal end of said outer sheath 

member; and 

30 (b) a reciprocally movable slide mounted in said housing and 

operatively coupled to said innertubular member for imparting relative movement in the 
longitudinal direction of said inner tubular member and said outer tubular sheath. 

4. The surgical instrument as in Claim 3 wherein said housing comprises: 

(a) a generally cylindrical tube having a wall surface defining a 
35 longitudinal bore with a longitudinal slot (46) formed through said wall surface into said 

bore; 

(b) said slide disposed in said bore; and 
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(c) finger-engageable means connected to said slide and extending 
through said slot. 

5. The surgical instrument as in Claim 3 wherein said housing comprises: 

(a) a tubular handle having a wall surface defining a longitudinal bore 
5 with an arcuate slot formed through said wall surface and communicating with said 

bore; 

(b) said slide including a gear rack affixed to said inner tubular 

member; and 

(c) a manually rotatable gear journaled in said arcuate slot and 
10 engaging said rack. 

6. The surgical instrument as in Claim 3 wherein said housing comprises: 
(a) a tubular handle having a wall surface defining a longitudinal bore 

for receiving at least a portion of said inner tubular member therein, said handle having 
an arcuate recess formed through said wall surface and communicating with said bore; 
15 (b) said slide including a stop member affixed to said inner tubular 

member; 

(c) spring means disposed within said handle and cooperating with 
said inner tubular member for applying a distally directed force to said inner tubular 
member; and 

20 ( d ) trigger means disposed on said handle for selectively releasing 

said force. 

7. The surgical instrument as in Claim 2 wherein said inner tubular member 
is generally rigid. 

8. The surgical instrument as in Claim 1 wherein said mass is sized to 
25 prevent entry into said blood vessel through said penetration site. 

9. The surgical instrument as in Claim 1 and further including a second 
mass of hemostatic material initially adapted to surround said tubular body adjacently 
positioned relative to said first mass. 

10. The surgical instrument as in Claim 1 wherein said hemostatic material 
30 is a resorbable collagen. 

11. The surgical instrument as in Claim 1 wherein said hemostatic material 
is a resorbable gelatin. 
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12. The surgical instrument as in Claim 1 wherein said hemostatic material 
is a resorbable lactide/glycoside. 

13. The surgical instrument as in Claim 3 wherein said outer tubular sheath 
member, said mass, said inner tubular member, said housing and said slide each 

5 include a longitudinal slot aligned with one another for receiving said tubular body 
therein. 

14. The instrument as in Claim 3 and further including a stop formed in said 
housing for limiting movement of said inner tubular member in the distal direction. 

15. The instrument as in Claim 3 wherein said housing further includes 
10 releasable locking means for preventing inadvertent deployment of said mass. 

16. The instrument as in Claim 1 5 wherein said housing further includes first 
and second finger grippable segments, the first being joined to said inner tubular 
member and the second being joined to said sheath member, and said releasable 
locking means comprises a pin extending between said first and second segments and 

15 a hole extending through one of said first and second segments for selectively receiving 
said pin therethrough. 

17. The surgical instrument as in Claim 2 wherein said outer tubular sheath 
member includes a cylindrical hub affixed to said proximal end thereof and a 
longitudinal slot formed through said wall surface proximate said proximal end of said 

20 tubular sheath member; a knob joumaled for rotation on said cylindrical hub and 
including a helical groove on a portion of the exterior surface thereof, said inner tubular 
member having a fingergrip member coupled to It through said longitudinal slot, said 
fingergrip further including a follower member engaging said helical groove. 

18. A surgical instrument for delivering a hemostatic substance 
25 subcutaneously against a wound opening in a wall of a blood vessel during the course 

of a catheterization or endoscopic procedure in which an incision is made through the 
skin and into said blood vessel wall, comprising: 

(a) a tubular outer sheath member having a proximal end, an open 
distal end and a lumen extending therebetween; 
30 (b) an inner tubular hub affixed to said proximal end of said outer 

sheath; 

(c) a tubular pusher coaxially disposed within said lumen of said 
outer sheath and of a length less than that of said outer sheath; 
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(d) an annular mass of hemostatic material disposed between a distal 
end of said pusher and said distal end of said tubular sheath; 

(e) an outer tubular hub operatively coupled through said outer 
sheath to said tubular pusher; and 

5 (f) a rotatable knob operatively disposed between said inner hub and 

said outer hub for imparting translation^ movement to said inner hub relative to said 
outer hub upon rotation of said knob. 

19. The surgical instrument as in Claim 18 wherein said rotatable knob 
includes an externally threaded tubular shank, the threads engaging a helical groove 

1 0 formed in said outer hub. 

20. The surgical instrument as in Claim 1 9 wherein said inner hub includes 
an annular flange cooperating with an annular shoulder formed on said rotatable knob. 

21 . The surgical instrument as in Claim 1 8 wherein said outer hub is coupled 
to said pusher by at least one pin extending radially through said outer sheath. 

15 
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